The Cook Pigtail central venous catheter (CVC) has been designed to diminish the risk of vascular perforation and consequent cardiac tamponade. With the participation of 12 consultant anaesthetists and 19 registrars, adults undergoing elective surgery were randomized to receive either a Pigtail (n=101) or their consultant anaesthetists ' "standard" CVC (n=102). Median ease of insertion was rated 8 for Pigtail CVCs and 9 for standards (10 being best; P=0.001). Arrhythmias occurred during 16 standard and 33 Pigtail central venous catheter insertions (P<0.006). No significant difference was found in insertion time or radiographically assessed tip depth for standard and Pigtail central venous catheters. A perforated right atrium of uncertain cause occurred in a patient who received an Arrow triple-lumen central venous catheter. Participating consultant anaesthetists preferred their "standard" central venous catheter for routine use, but five indicated that they would select a Cook Pigtail where long-term use was planned because of in vitro evidence of its greater safety.
Central venous catheter (CVC) use is associated with a variety of complications, including trauma to vessels, lung or heart, air embolism, venous thrombosis, arrhythmias and infection [1] [2] [3] [4] . Of these, perforation of the heart or blood vessel by a CVC is particularly dangerous, especially when pericardial tamponade occurs [5] [6] [7] . Estimates of the incidence of such perforation vary widely 1, 5, 8 , but even if it is accepted that the problem is rare, it continues to be reported. In 1998, Chalkiadis and Goucke 9 reviewed 66 cases of CVC perforation associated with tamponade reported over the previous 12 years. Of these, 30 were fatal, and in three the patient remained in a persistent vegetative state after being resuscitated. A further case was reported in 1993 10 , which was also fatal. It would seem that all practical steps to reduce the risk of this life-threatening complication are warranted. Proper clinical practice is important 11 and should include ensuring that the position of the CVC tip is superior to the cephalic limit of the pericardial reflection (CLPR) 1, 12 . The materials of which the CVC is made may also influence the risk of perforation 13, 14 , but even newer and safer materials such as polyurethane, silastic and teflon have been implicated in reported cases of perforation 9 . The Cook Pigtail CVC (Cook Critical Care, Bloomington, IN, U.S.A.) incorporates an innovation in design, specifically intended to reduce the risk of vascular perforation 15 . In an in vitro study the Cook Pigtail CVC tip significantly increased the number of pulsations required to rupture a test membrane from up to 300 for other CVC designs to greater than 6300 (P<0.001) 14 . However, we have been able to identify only one report of the use of the Cook Pigtail catheter in vivo, and even this data is in an abstract published 10 years ago 15 .
The number of patients required for a controlled study to show a statistically significant difference in perforation rates between catheter types would be prohibitively large. Given the potentially catastrophic consequences of vascular perforation, particularly if associated with cardiac tamponade, a case for the Cook Pigtail CVC could be argued on the basis of the relatively convincing in vitro evidence alone 14 , provided that there are no other important drawbacks to the design of the catheter or its ease of use in the clinical situation. We have therefore evaluated the Cook Pigtail CVC in clinical use and compared it with CVCs of several alternative designs currently in use at Green Lane Hospital.
MATERIALS AND METHODS
With ethics committee approval and informed consent, we studied 203 adults undergoing nonemergency cardiac, vascular or thoracic surgery in which a CVC was indicated on clinical grounds.
Twelve consultant anaesthetists and 19 registrars participated in the study. Before the study began each consultant was asked to specify his or her "standard" catheter and the reasons for the preference and to insert five Cook Pigtail CVCs in order to become familiar with this design. Patients were then randomized by computer generated numbers with stratification for consultant anaesthetist to receive either a 15 cm polyurethane Cook Pigtail triple-lumen CVC (pigtail group) or their consultant anaesthetist's standard catheter (standard group).
As this study was specifically concerned with the assessment of CVCs in routine clinical use, efforts were made not to change the practice of anaesthetists during the period of the study. Consultant anaesthetists were permitted to depart from the randomized sequence at their discretion for clinical reasons. When this occurred, the catheter type actually inserted was marked off where it next occurred in the randomized sequence and randomization was continued from that point. In our department anaesthetic registrars typically insert the type of CVC nominated by their consultant and this practice was continued during the study. It was assumed that the familiarity of registrars with any given type of CVC would vary and therefore they were not requested to insert five Cook Pigtail CVCs before entering the study. In each patient the use of an additional CVC was also permitted at the discretion of the consultant anaesthetist. These secondary CVCs were recorded so that the total number of CVCs inserted during the study would be known, but they were not included as part of the randomized assessment. If a pulmonary artery catheter (PAC) was required, then the sheath was considered a secondary CVC. Those CVC insertions performed by anaesthetic registrars under the direct supervision of a participating consultant were distinguished from those inserted by the consultants themselves.
The anaesthetic technician assigned to each case recorded the time taken for CVC insertion, defined as the time from the first needle stab through the skin to the complete insertion of the primary catheter, but not including suturing. At the completion of insertion the technician asked the anaesthetist (whether registrar or consultant) to rate the ease of insertion on a 10 point scale where 10 was best (easiest) and 0 worst (most difficult). The comments of the anaesthetist inserting the CVC were also recorded, as were violations of sterile technique observed by the technician. Patients were then visited each day postoperatively until all primary and secondary CVCs had been removed. The depth of each catheter insertion was assessed by noting the position of the tip of the catheter on the chest radiograph in relation to the cephalic limit of the pericardial reflection (CLPR) 1 . Any complications possibly related to the catheter were also recorded including local infection (defined as the presence of local inflammation or discharge), catheter-related sepsis (defined as a temperature of over 38°C with concurrent positive blood and CVC tip cultures, the same organism being grown from both and with no other apparent source of infection) and pyrexia (defined as a temperature over 38°C after day 0) 16 .
At the end of the trial participating consultant anaesthetists were asked to complete a survey form concerning their experience with the Cook Pigtail catheter. Consultants were asked which aspects of the Cook Pigtail CVC they liked or disliked. They were asked if they had encountered any problems with the Pigtail CVC, and whether they would use one in the future and if so in which cases. Consultants were also asked to suggest any possible improvements to the Cook Pigtail design and whether they would use this catheter if these changes were made.
T-tests were used for statistical comparison between groups unless data was markedly skewed in which case the Mann-Whitney U was employed. Proportions were tested by a chi square analysis.
RESULTS

Exclusions and patient demographics
One patient elected to withdraw after giving consent and three patients were excluded because their operations were postponed to an indefinite later date. The two patient groups were similar in terms of age and weight (Table 1) . However, 61% of Cook Pigtail catheters were inserted into women, compared with 39% of standard CVCs (chi square, P<0.02).
Details of CVC insertion
One hundred and two standard and 101 Cook Pigtail CVCs were inserted as primary catheters. Of these 105 were inserted by consultant anaesthetists (an average of 8.8 each, range 1 to 22) and 98 were inserted by registrars (an average of 5.2 each, range 1 to 19). Table 2 shows the CVCs nominated as "standard" by participating consultant anaesthetists and the reasons given.
A second CVC (most often a Baxter pulmonary artery introducer sheath; Baxter Healthcare Corp., Irvine, CA, U.S.A.) was inserted with 44 of the standard catheters and 69 of the Cook Pigtail catheters making a total of 316 insertions overall (Table 3 ). Of these 299 were inserted via the internal jugular vein, 14 via the subclavian and three via the external jugular vein ( Table 4 ). The technical specifications of each catheter type are summarized in Table 5 .
Departures from randomization
Seven insertion forms designated "Pigtail" were inadvertently overlooked until after the consultant anaesthetist's preferred catheter had been inserted. In a total of nine insertions the designation "Pigtail" was overridden for clinical reasons: two because a fourth lumen was desired in a difficult case; one because a standard triple-lumen was preferred with no reason given; one because the available Cook Pigtail was too short for positioning via the subclavian approach in a tall patient; one because it was thought that a Cook Pigtail might be more thrombogenic than a standard triple in a subclavian site; and four in patients with abdominal aortic aneurysms in favour of Arrow haemodialysis CVCs chosen because their large lumens would facilitate rapid fluid infusion. Three attempts to insert a Cook Pigtail were aborted: two because of difficulties positioning a Cook Pigtail via the subclavian route (it was stated on one insertion form that the Cook Pigtail could not be passed under the clavicle); and one because the Cook Pigtail could not be positioned satisfactorily via the internal jugular route after an attempt lasting twelve minutes. There were no aborted insertion attempts in the standard group. Position of catheter on X-ray Inspection of the first postoperative chest radiographs showed that in the standard group 80 primary catheters were satisfactorily positioned in the superior vena cava (SVC) with their tips superior to the CLPR. Twenty (20%) were placed in the SVC below the CLPR or in the right atrium (RA) within the limits of the pericardium. One standard CVC was situated in the jugular vein, while one was situated in the right cephalic vein. In the Pigtail group, 85 catheters were satisfactorily positioned with their tips superior to the CLPR, and one was situated in a jugular vein (three insertions were aborted). Twelve (12%) Cook Pigtail CVCs were positioned below the CLPR or in the RA, but this was not significantly fewer than the number of standard CVCs below the CLPR (chi square, P>0.1).
Complications
Three patients (all in the standard group) died in the course of the study (two of myocardial infarction and the third after complications of congenital heart disease). No death was judged to be related to the central line.
One study patient who received a standard Arrow triple-lumen CVC via a right subclavian insertion required re-operation nine hours after valve replacement surgery to repair a bleeding hole in his right atrium. Prompt treatment averted any permanent consequences. Analysis of the chest radiograph showed the catheter tip to be borderline with respect to the CLPR, but not deep enough to cause the perforation. However, the surgeon stated that the perforation was located away from the site of any surgery and indicated that he considered the CVC to be the most probable cause. Table 6 summarizes problems noted during insertion of the CVCs. There were 33 instances of arrhythmia on insertion in the pigtail group (18 specified as ectopics) compared with 16 in the standard group (five specified as ectopics and one as bigeminy) (chi square, P<0.006). No other significant effects for insertion problems were found.
Assessment details
Eleven catheter insertions took longer than 10 minutes: these times were considered to be outliers, were evenly distributed between groups and were excluded from further analysis. No significant difference in insertion time was found between Cook Pigtail and standard CVCs alone (3.0 minutes (SD 1.6) vs 2.9 (SD 1.8) respectively) or with a second catheter (4.9 minutes (SD 1.9) vs 4.8 (SD 1.5) respectively).
When asked to rate ease of insertion on a 10 point scale (where 10 was best), participating anaesthetists indicated a slight but statistically significant perceived advantage for standard CVCs over Cook Pigtails, (median ratings of 9 vs 8 respectively: Mann-Whitney U, P=0.001).
Miscellaneous
Eighty percent of CVCs were removed by day 4 and only 6% were retained longer than day 7 (15 days was the longest in situ period for any CVC). The number of days in situ for Cook Pigtail and standard CVCs was not significantly different (a mean of 3.4 days (SD 1.7) vs 3.5 days (SD 2.2) respectively; t-test, P>0.1).
Two minor lapses in sterile technique of an unspecified nature were observed by the technician during the insertion of Cook Pigtail CVCs. No violation of sterile technique was observed in the standard group. Despite this, there were two instances of local infection and one of sepsis in the standard group and none in the pigtail group. Eight instances of pyrexia after day 0 occurred in each group. No significant relationship between sterility factors and infection was found.
Survey of Cook Pigtail use
Eleven of the twelve participating consultant anaesthetists returned a survey form. Five experienced guide-wire problems of some kind. Two encountered difficulties maintaining the venepuncture while straightening the tip of the Cook Pigtail catheter over the guide-wire. Two found the guidewire difficult to advance, and one found that a guidewire snagged on the end of the needle. For these reasons, placement of a Cook Pigtail CVC was thought to be more problematic and time consuming than that of a standard CVC (although this was not confirmed by actual insertion times).
Three participants considered the gauge of the Cook Pigtail lumens too small for rapid fluid infusion. Two reported that subclavian insertion was considerably more difficult with a Cook Pigtail than with a standard design and potentially dangerous because the Cook Pigtail loop might become positioned against the brachio-cephalic vein, where it may be potentially thrombogenic. A longer Cook Pigtail CVC would solve the latter problem (and is available). No problems of thrombogenesis were observed during the study period, but neither were they specifically sought.
One participant commented that the wings for sewing the Cook Pigtail to the skin were too flimsy. Two participants commented that the lumen caps supplied in the sterile pack should be screwed onto the lumen ports for convenience.
The addition of a fourth lumen, a tip straightener and a Raulerson syringe (Raulerson syringes are present on Arrow quad-lumen CVCs; Arrow International Inc, Reading, PA, USA) were the most common suggestions (in rank order) for improving the Cook Pigtail design. The desirability of a one-lumen version of the Cook Pigtail CVC for long-term use such as feeding and antibiotic administration was also mentioned.
Asked their opinion, seven of the 11 consultants who returned a form agreed that a Cook Pigtail CVC was likely to be safer than the standard alternatives with respect to the risk of perforation and five of these stated they would use a Pigtail CVC for longterm in situ use for this reason. Five participants commented that they would choose the Cook Pigtail CVC by preference if improvements were made to details of its design or if its safety advantage was demonstrated clinically. Four participants were unconvinced of the value of the Cook Pigtail design and would not use one for any clinical reason. No participant requested that Cook Pigtail CVCs be made available for clinical use following the completion of this study.
DISCUSSION
In this study we did not attempt to demonstrate a difference in the incidence of perforation between conventional CVCs and the new Cook Pigtail CVC. Our objective was simply to evaluate the Cook Pigtail in comparison with conventional straight-tipped catheters under conditions of routine clinical use at Green Lane Hospital. The purpose of randomization was to avoid any influence on evaluation arising from the order of use of standard and Cook Pigtail CVCs and to reduce the tendency to match CVC type to patient such as, for example, using the new Cook Pigtail for simpler cases. We relied on the variable pairing of registrars with consultants to ensure that registrars' exposure to CVC types was also random.
Given that a quad-lumen Pigtail CVC is not available, it could be argued that a similar three-lumen CVC with a standard tip would have been a more appropriate comparator in this study. However, none of our anaesthetists routinely used such a catheter at the time of the study. The question was therefore considered by the department as less clinically relevant than the one studied-namely, how the Cook Pigtail CVC compared with the CVCs currently in use.
The occurrence of a perforation in the present study is of considerable interest. Whether or not it was in fact attributable to the CVC is uncertain, particularly given the position on the chest radiograph of the CVC tip. It is possible that the catheter had been re-positioned before the chest radiograph was taken or that the perforation was caused by the guide-wire. Overall 316 catheters were inserted (primary and secondary for both groups); this gives an incidence of perforation in association with CVC usage of 0.003 (95% CI: 0.00008, 0.02). Others have reported perforation rates varying from 0.01 to 0.0001 1, 5, 8 , and our previous experience leads us to suggest the true incidence in our unit is towards the lower end of this interval 1 . A prospective study of 1000 patients who received CVCs is under way, and this may increase confidence in asserting that these problems are rare in our unit. The present study is too small to permit any inferences about perforation rates in individual groups.
Arrhythmias were more frequent in the Pigtail group (see Table 6 ) and were probably related to problems with the guide-wire. Cook Pigtail CVCs were associated with twice as many guide-wire problems as standard CVCs. Arrhythmias were experienced by seven of the 12 patients with guidewire problems in the Pigtail group, compared to an arrhythmia in one of the six patients with guide-wire problems in the standard group. The two instances of a lapse in sterile technique in the Pigtail group (compared with none in the standard group) are probably also attributable to difficulties with handling the guide-wire. It may be that the incidence of both problems would diminish as experience with the Cook Pigtail increased. The familiarization phase may not have been sufficient in the present study.
It is disconcerting to note the relatively high proportion of CVC insertions which resulted in a tip location below the CLPR (16% overall), but this proportion is less than a third of that found in a previous audit carried out at Green Lane Hospital 1 in which 58% of the tips were below the CLPR. Various techniques have been described to ensure accurate placement 1, 9, 11, 17 . The improvement seen in our present results probably reflects a greater awareness at Green Lane Hospital of the need for care in this respect and a change in the preferred length of the catheters routinely used from 20 to 16 cm 18 after completion of the previous study, thus "closing the loop" of the audit. There was a higher percentage of standard catheters with the tip below the CLPR (20% vs 12% for Pigtail CVCs) but this difference was not significant.
Despite randomization, a significantly higher portion of females than males received a Cook Pigtail CVC. It is unlikely that this influenced our results in any important way. One might expect a greater propensity for tip placement to be too deep in women, who on average are shorter than men, but this was not observed.
The survey of consultant anaesthetists' views of the Cook Pigtail CVC at the end of the randomized comparison revealed a general preference for the design features of some of the other CVCs included in the study, such as the Raulerson syringe provided with Arrow CVCs. The lack of a four-lumen version of the Cook Pigtail CVC was considered to be a disadvantage in cardiac surgery in which four lumens are often useful. Features other than the tip design were identified as the important reasons for not choosing the Cook Pigtail CVC and if a CVC with these features also had a pigtail tip it would have been much more acceptable. Other CVCs also have tips designed to reduce the risk of vascular perforation. For example the Arrow FlexTip has a straight tip made softer than the rest of the catheter by a differential extrusion process (Arrow International Inc, personal communication). As with the Cook Pigtail, clinical data on its efficacy is lacking and likely to be difficult to obtain. However, in the in vitro study quoted previously, a test membrane could be perforated by 80 to 300 (mean 200, SD 82) Arrow FlexTip pulsations at a 90° angle of incidence compared with 6300 to over 33600 (mean 30051, SD 9369) similar pulsations for the Cook Pigtail tip 14 .
The drawbacks of the Cook Pigtail were not considered sufficient to preclude its use in cases thought to be at high risk of perforation (for example in patients where long-term CVC use was planned). Five of the participating consultant anaesthetists indicated that they would use a Cook Pigtail CVC routinely if changes were made to its design or more convincing evidence of its greater safety was demonstrated. The fact that participants have continued to use their preferred straight-tip CVCs after the completion of the study suggests that at present participants consider that the alleged value of the Cook Pigtail tip is not sufficiently well established to offset the less popular features of this CVC.
In conclusion, there was a general preference by participating consultant anaesthetists for their "standard" straight-tip CVCs, but the impediments found to the use of the Cook Pigtail CVC were all relatively minor. Five of the 11 participating consultants thought the Cook Pigtail would be worth using in cases at high risk of perforation, and there may well be anaesthetists who are sufficiently convinced by the in vitro evidence to adopt these CVCs for routine use. There is certainly nothing in our data to preclude such a policy, not withstanding the rather telling fact that no participant in the study requested Cook Pigtail CVCs to be made available for clinical use after the completion of the study.
Given the hazardous nature of vascular perforation and the paucity of clinical data on Cook Pigtail CVC use, larger scale studies would be very useful. However, the very large numbers required to show a significant difference in rates of perforation make it unlikely that these will be carried out, and so it is particularly important that practitioners continue to report all incidents of perforation and to include a precise description of the features of the CVC involved. Case reports of this type are likely to be our only guide to the success or failure of the various features alleged to improve the safety of central venous cannulation.
